C ervical spondylotic myelopathy is common in patients older than 50 years. Compressive cervical spondylotic myelopathy is caused by various pathogenic factors, including disk herniation, spondylosis, vertebral canal stenosis, and degenerative posterior longitudinal ligament. Abnormalities of the posterior longitudinal ligament include hypertrophy and ossification of the posterior longitudinal ligament, which lead to neurologic symptoms. 1 Since the anterior approach was first described by Smith and Robinson 2 and Cloward 3 in 1958, it has been widely used for the treatment of cervical spondylotic myelopathy. Anterior cervical decompression and instrumentation have increased in popularity because of improvements in technology and surgical skill that allow direct decompression and reconstruction with satisfactory outcomes and low complication rates. 4, 5 Herniated disks, proliferative osteophytes, ossification of the posterior longitudinal ligament, and hypertrophy of the posterior longitudinal ligament are the main pathogenic mechanisms that result in spinal cord and nerve root compression, and these should be removed as completely as possible during anterior decompression procedures to obtain more satisfactory outcomes. [6] [7] [8] However, whether ossification of the posterior longitudinal ligament or hypertrophy of the posterior longitudinal ligament should be removed remains controversial. Such additional procedures carry extra risks and complications, including dural tear, neurologic injury, and a more complex surgical procedure.
Few studies have compared removing and retaining the degenerative posterior longitudinal ligament. The authors propose that removal of this ligament could be beneficial for patients with cervical spondylotic myelopathy. In this retrospective analysis, the authors compared the clinical and radiologic outcomes of patients who underwent degenerative posterior longitudinal ligament removal with outcomes of patients who underwent decompressive surgery without degenerative posterior longitudinal ligament removal to evaluate the effects of removal of this ligament.
Materials and Methods

Patients
The current study included 143 consecutive patients with confirmed multilevel (2-3 levels) degenerative posterior longitudinal ligament who underwent anterior decompression for cervical spondylotic myelopathy in the authors' department between January 2002 and March 2007. The presence of hypertrophy or ossification of the posterior longitudinal ligament and degenerative spinal stenosis was confirmed by magnetic resonance imaging (MRI) scan and computed tomography (CT) scan in the 143 patients. Ossification of the posterior longitudinal ligament was segmental and was confined primarily to the disk space region and was not contiguous or did not extend extensively behind the vertebral body. On T2-weighted magnetic resonance imaging (MRI) median sagittal scan, the segmental epidural bursa was compressed by the thickened degenerative posterior longitudinal ligament in both groups. If the degenerative posterior longitudinal ligament did not show clear mobility and withdrew anteriorly during the procedure, namely, if the degenerative posterior longitudinal ligament was still located behind the adjacent upper and lower vertebral posterior edge attachment line after diskectomy and corpectomy, then the ligament was removed. Otherwise, if the ligament was sufficiently mobile to reach the front of the line, then it was retained (Figure 1) .
The degenerative posterior longitudinal ligament was removed in 68 patients and retained in 75 patients. The diagnosis of cervical spondylotic myelopathy was made based on clinical signs and symptoms, with corresponding affected levels of vertebral canal stenosis confirmed by MRI and CT scans of the cervical spine. Multilevel cervical diskectomy (≥2 levels) with fusion is an appropriate technique for treatment of cervical myelopathy. It enables restoration of the spinal canal and neural foramen to normal dimensions, decompressing the spinal cord and nerve roots. It is especially useful in cases of spondylosis with kyphotic deformity because, in addition to anterior decompression, it allows reconstruction of the spine to help restore a lordotic curvature. Lordosis is easier to achieve and maintain because of the multiple points of distraction and fixation in addition to the graft and interbody space shaping. This approach is more labor-intensive and time-consuming than other approaches but has proven to be very effective in decompressing and stabilizing the spine. For all of these reasons, multiple cervical diskectomy for the treatment of cervical spondylotic myelopathy has become the authors' technique of choice. All surgical procedures were performed by the same senior orthopedic surgeon (A.G.) at the authors' spinal surgery center. Patients with spondylotic amyotrophy, fracture, tumor, rheumatoid arthritis, pyogenic spondylitis, and comorbidities, such as central nervous system disorders, were excluded. Patients with an occupying rate of 30% or greater (Figure 2) or without hypertrophy or ossification of the posterior longitudinal ligament were excluded. The occupying rate was defined as the thickness of the ossification of the posterior longitudinal ligament or hypertrophy of the posterior longitudinal ligament (A) divided by the anteroposterior diameter of the bony spinal canal (B) on the median sagittal image on MRI T2-weighted scanning (occupying rate=A/B×100%). Patients with ligamentum flavum or facet hypertrophy were also excluded. All patients had follow-up at 1, 3, 6, and 12 months over the first postoperative year, and then every 12 months for a further 2 years (total, 36 months). A total of 13 patients (9.1%) were lost to follow-up (4 because of noncompliance, 6 because of relocation, and 3 because of unknown whereabouts Table 1) .
The study protocol was approved by the ethics committee of the authors' institution, and written informed consent was obtained from all participating subjects.
Surgical Technique
The operative procedures for cervical spondylotic myelopathy were well described in previous reports. [9] [10] [11] The vertebral bodies were removed subtotally anteriorly, and diseased tissue, including degenerative disks, herniated intervertebral nucleus, and proliferative osteophytes, were completely resected. In group A, the degenerative posterior longitudinal ligament was separated from the dura matter and resected with a scalpel. The hardened part of the ligament was resected with a high-speed surgical drill (Midas Rex Legend EHS Stylus High-Speed Surgical Drill; Medtronic, Minneapolis, Minnesota). In group B, the degenerative posterior longitudinal ligament was untouched and received no special treatment. A brick-shaped bone chip (approximately 3.5×1.5×1.0 cm) resected from the patient's iliac bone was grafted into the channel on the surgically treated vertebra as a strut. A titanium Codman plate (Codman Anterior Cervical Plate System; Johnson & Johnson. New Brunswick, New Jersey) (Figure 3 ) was fixed tightly onto the neighboring vertebrae with screws. Postoperatively, the patient was allowed to mobilize wearing a soft neck collar after bed rest for a few days. The collar was discarded after 1 to 1.5 months. The first postoperative examinations were performed 1 month after surgery.
Clinical and Functional Evaluation
Preoperative and postoperative neurologic function was evaluated according to the Japanese Orthopedic Association (JOA) cervical spine myelopathy functional assessment scale, as modified by Benzel et al. 12 Clinical symptoms and functional recovery were assessed with an evaluation score established by the JOA. 13, 14 Recovery rate (%)=(postoperative JOA score−preoperative JOA score)÷(17− preoperative JOA score)×100%
Mean operating time, bleeding, and other complications were also evaluated and compared.
Radiologic Evaluation
Radiologic assessment (MRI, CT, and radiographs) was performed preoperatively and postoperatively in all patients. To correct for intraobserver and interobserver variability in radiologic measurements, 2 experienced observers were assigned to independently evaluate the radiologic data for each patient. Each observer took 2 sets of measurements, and mean values were used for statistical analysis. The anteroposterior median sagittal diameter of the spinal canal was measured at the most stenotic operating vertebral level ( Figure  2 ) on MRI T2-weighted images. 15 Sagittal alignment and curvature of the cervical spine (Cobb angle) were measured from the inferior C2 end plate to the superior C7 end plate on dynamic lateral radiographs (Figure 3) . Bone fusion was considered to have occurred when the following conditions were satisfied: (1) absence of motion between the spinous processes; (2) absence of a radiolucent gap between the graft and the end plate; and (3) continuous bridging bony trabeculae at the graft-end plate interface.
Statistical Analysis
Data were expressed as mean±SD for normally distributed variables. Nonnormally distributed values were expressed as median and interquartile ranges. Qualitative data are presented as numbers (percentages 
results
Patients underwent follow-up for 36 months, and no deaths occurred. Data at 36 months of follow-up were used for evaluation. Mean±SD JOA score increased from 9.0±2.7 to 14.7±1.5 in group A and from 9.4±2.6 to 14.1±1.7 in group B. The JOA score was significantly higher in group A (P=.028). The neurologic recovery rate between the 2 groups was significantly different (66.7% in group A and 61.3% in group B, P=.031) ( Table 2) . The MRI scans showed that the mean±SD median sagittal diameter of the operating cervical vertebral canal enlarged from Table 3) . The postoperative Cobb angle, as measured from lateral radiographs, showed that sagittal alignment and curvature of the cervical spine improved in both groups. Bone graft nonunion was observed in both groups, but all patients achieved bone union by postoperative month 24. Approximately 25% of patients in group B had a decrease of 10% or more of sagittal diameter by follow-up 36 months postoperatively, which was significantly higher than the 11.3% of patients in group A who had this phenomenon ( Table 3) .
After multivariable adjustment for other important covariates discussed earlier, removal of the posterior longitudinal ligament also correlated with improved JOA scores by 36 months postoperatively (coefficient=-1.012, P<.001) and recovery rate (%) at 36 months (coefficient=-12.374, P=.002) and correlated with median vertebral canal sagittal diameter at 36 months (coefficient=-1.786, P<.001). Removal of the posterior longitudinal ligament was not correlated with postoperative Cobb angle at 36-month follow-up (Tables 4-7) , which indicated that removal of the posterior longitudinal ligament did not affect either Cobb angle or vertebral structure.
Intraoperative and Postoperative Complications
No spinal cord injury occurred in either group. Hoarseness, dysphagia, wound infection, and epidural hematoma occurred in both groups, and all complications were managed conservatively. Cervical instability (defined as alteration in Cobb angle of ≥11° or vertebral displacement of ≥3.5 mm between adjacent vertebrae under physiologic loads), in addition to displacement of bone strut grafts and steel fixators, also occurred in the first month. All affected patients were treated conservatively with immobilization, neck collars, and orthoses. No revision surgery was needed. Transient postoperative shoulder muscle weakness occurred in 9 patients in both groups, but symptoms of weakness resolved gradually over a few weeks. No neurologic deterioration occurred in any patient in this series. Three patients in group A had cerebrospinal fluid leakage because of significant adherence between the posterior longitudinal ligament and dura that resulted in damage to the dura during surgery. Leakage of cerebrospinal fluid stopped 2 to 3 weeks after surgery and was treated conservatively with gelatin sponge compression or tube drainage ( Table 8) .
discussion
It remains controversial whether the degenerative posterior longitudinal ligament should be removed during anterior decompression surgery. 16 The posterior longitudinal ligament is considered to play an important role in maintaining the integrity of anatomic structures and stability of the cervical spine as well as protect- 17, 18 However, the main pathogenic causes of cervical spondylotic myelopathy, which include herniated disks, proliferative osteophytes, and the degenerative posterior longitudinal ligament, should be removed during anterior decompression surgery to achieve the best possible outcomes. [6] [7] [8] Increasing numbers of surgeons recommend removal of the degenerative posterior longitudinal ligament and herniated disks during primary surgery for cervical spondylotic myelopathy, although it has been difficult to determine whether the posterior longitudinal ligament led to compression compared with preoperative radiologic studies. 16 Many authors believe that hypertrophy of the posterior longitudinal ligament, together with herniated intervertebral disks or segmental ossification of the posterior longitudinal ligament, contributed to myelopathy or radiculopathy via compressing the spinal cord and nerve roots; this hypothesis was confirmed by neuroimaging. [19] [20] [21] Yuan et al 22 reported that hypertrophy of the posterior longitudinal ligament was observed in 52% of patients who underwent anterior decompression procedures for cervical spondylotic myelopathy, and they suggested that hypertrophy of the posterior longitudinal ligament was a definite etiologic factor for cervical spondylotic myelopathy. In addition, its normal physiologic function of preventing disk protrusion into the spinal canal is significantly weakened in cases of hypertrophy or ossification of the posterior longitudinal ligament because of the breakdown of tensile strength and elasticity of the posterior longitudinal ligament. The disks are likely to protrude into the degenerative posterior longitudinal ligament and become a disk-posterior longitudinal ligament complex, and the disk fragments could remain under the posterior longitudinal ligament without removal of the ligament. 16 Yamaura 23 proposed that the protruding herniated intervertebral disks would play an important role in the development of chondroid tissue hyperplasia in the posterior longitudinal ligament via mechanical compression of herniated intervertebral disks. Watanabe 24 reported that hypertrophy of the posterior longitudinal ligament was closely related to herniated intervertebral disks because of their frequent co-occurrence. In addition, ossification of the posterior longitudinal ligament can be considered as a continuum that begins with early hypertrophy and ends with frank ossification. 25, 26 Some authors reported that up to 25% of patients who present with cervical myelopathy have ossification of the posterior longitudinal ligament rather than spondylotic and stenotic myelopathy or disk disease alone. 25, 27 Postoperative progression of ossification of the posterior longitudinal ligament has been reported in 73% of patients. 28 Furthermore, ossification of the posterior longitudinal ligament was still present and was likely to grow larger gradually if not removed promptly. 29 The current data showed that the mean JOA score and neurologic recovery rate in group A were significantly greater than those in group B. This finding was in ac- cordance with previous literature. 16, 21 A T2-weighted MRI scan showed that the mean median sagittal diameter of the vertebral canal enlarged significantly in group A compared with group B. This result showed that decompression was more complete after the posterior longitudinal ligament was removed. The better JOA score and recovery rate may have resulted from more complete decompression.
Compared with group B, patients in group A also had significantly better vertebral canal median sagittal diameter. After multivariate adjustment for other important covariates discussed earlier, removal of the posterior longitudinal ligament also correlated with higher JOA score, greater recovery rate, and better sagittal diameter (P<.05) (Tables 4-7) . These results show that removal of the posterior longitudinal ligament was a definite factor underlying good clinical outcomes.
The radiologic findings implied that removal of the posterior longitudinal ligament may not markedly affect cervical stability, spinal curvature, bone graft union, and the incidence of graft and steel displacement. However, narrowing of the enlarged vertebral canal was significant in group B and could reduce the long-term benefit of surgery.
Although no significant differences in bleeding rates were observed between the 2 groups, patients in group A underwent longer operative times and more complicated procedures. Therefore, this technique requires an experienced surgeon. The safety of posterior longitudinal ligament resection depends on less traumatic manipulation of the spinal cord and protection of both the dura mater and the epidural vascular plexus. 16 The dura mater can adhere to the thickest portion of the degenerative posterior longitudinal ligament in many cases, and the procedure to separate the posterior longitudinal ligament from the dura mater should be performed carefully to avoid dural tearing. A high-speed medical air drill (Midas Rex Legend EHS Stylus High-Speed Surgical Drill) is an ideal instrument to wear and cut the thickened ossification of the posterior longitudinal ligament. A report in 2009 16 stated that a specific microdissector with a conoid hook and a narrow slot blade was designed and used to separate the posterior longitudinal ligament from the dura mater, but no recent innovations have been made. Further new instrumentation would facilitate future operative procedures.
A comparison of complications in both groups showed that removing the degenerative posterior longitudinal ligament did not increase their incidence significantly, and the procedure was generally safe. Leakage of cerebrospinal fluid is a wellknown complication of spinal canal decompression after posterior longitudinal ligament removal, and its incidence varies from 4.5% to 32%. 16 It often occurs in patients with significant adherence of the posterior longitudinal ligament. Yamaura et al 30 reported that the floating method for posterior longitudinal ligament resection could decrease the incidence of cerebrospinal fluid leakage, but further comparative studies are needed to determine the effect of decompression. Leakage of cerebrospinal fluid is often managed simply with primary dural repair. 16, 31 In the 3 cases of cerebrospinal fluid leakage in group A, the dural defect was repaired with placement of a gelatin sponge, a small piece of muscle and fibrin glue, or direct suturing of the dura. No serious sequelae occurred.
Iatrogenic neurologic injury is a constant concern for the spine surgeon. Preoperative planning and proper surgical technique help to minimize the potential injury. Four patients in group A and 5 patients in group B had transient postoperative muscle weakness, but these symptoms resolved gradually over a few weeks. These symptoms could have been caused by C5 nerve root withdrawal, 32 which may not be caused by nerve injury and had no definite association with removal of the posterior longitudinal ligament.
Occasionally, postoperative hematoma has been reported as a result of epidural vascular plexus injury, 33 and this was also observed in the current series. Although no serious spinal cord compressive symptoms were observed, more attention should be paid to avoid epidural vascular plexus injury and achieve thorough hemostasis during surgery. This study had certain limitations. It was a retrospective study, with follow-up of only 36 months. Further prospective randomized controlled studies with longer follow-up are required.
conclusion
Based on the findings of this retrospective study of short-to medium-term results, removal of mild or moderate degenerative posterior longitudinal ligament during anterior decompression procedures for cervical spondylotic myelopathy is beneficial. It led to more complete spinal cord decompression and better clinical results. The operation was generally safe, although this procedure required longer operating times and was more technically demanding than surgery without removal of the ligament.
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